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Abstract

Obesity is considered one of the more prevalent diseases of our time, especially among women, and it greatly affects many
metabolic pathways, especially fat metabolism, and is considered a risk factor for many other diseases. Many studies have
demonstrated the role of obesity as one of the contributary factors in female infertility. The current study considered two
groups of obese women with infertility ranging between 5-30 years and women with normal weight and without infertility.
The results of the current study showed significant differences in the levels of various fatty acids, common and unsaturated,
between the two groups of infertile and fertile women. This is indicative of the role of obesity in fatty acid metabolism and
for it being considered one of the main contributary factors in infertility. It is also possible to consider the results for the
fatty acids as an indicator of the occurrence of cases of infertility among obese women.
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INTRODUCTION

The failure to conceive after one year of marriage in women under the age of 35 (and six months in women
over the age of 35) is medically known as infertility, and which is a disease that can affect both the female and
male reproductive systems. [1] A study conducted in 2020 showed that infertility among females is 33-40%,
and in males is 25-39%, with the following areas being most affected, constituting 30% of the world's regions:
Eastern Europe, Central and Southern Asia, and the southern region of the Sahara [2] [3]. There are two
types of infertility: primary infertility, which is the failure to become pregnant at all, despite the absence of
any obstacle; and secondary infertility, which is the failure to become pregnant after a previous pregnancy,
whether the previous pregnancy ended in a live birth, a stillbirth, or a miscarriage. According to a recent study
conducted by the World Health Organization (WHO), infertility was found to be a global problem, and has
accordingly caught the interest of various research groups [4]. Infertility is a risk that threatens the dreams of
many couples worldwide of achieving parenthood, regardless of location. The most important of these causes
may be genetic (mutations), chromosomal abnormalities, and lifestyle factors (such as unhealthy eating habits
and smoking), and which have also attracted research interest (as obesity has the potential to negatively affect
female organ functions in the long term) [5]. The causes of infertility may be known or unknown, and whether
they are related to women or men, and they may be medical, biological, or psychological (psychological) [6]
[7], including such issues as anxiety, stress and depression, ovulation dysfunction, and polycystic ovary
syndrome (PCOS). A common factor in infertility is obesity because this is linked to lifestyle, as a high-calorie
diet changes the energy status, which affects the body's metabolic processes. Also, in contrast to obesity, weight
loss resulting from malnutrition and strenuous exercise also affects female fertility. These factors lead to
changes in the hormonal profile, which have a concomitant effect on the insulin and fat metabolism
pathways, and which have been shown to play an important role in reproductive health [5] [9]. Due to the
increasing prevalence of obesity, the WHO considers obesity to be an epidemic that affects the reproductive
capacity of both sexes. For example, in males, it affects sperm in terms of their shape, movement, and viability.
Obesity can increase the incidence of gynecological diseases such as endometriosis, uterine fibroids, polycystic
ovary syndrome, preeclampsia, miscarriage and infertility due to the amount of fat stored in the abdominal
area, in particular. In women, reproductive capacity is negatively affected due to changes in the hypothalamus-
pituitary-ovarian axis. Insulin levels in the bloodstream are often high in obese women, which in turn affects
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androgen levels, which increase through their formation by the ovaries and converts them to estrogen. This
has a negative effect on the hypothalamus-pituitary-ovarian axis. These hormonal changes result in disruption
of the menstrual cycle and ovulation. This may further worsen to polycystic ovary syndrome, which promotes
the deposition of visceral fat due to hyperinsulinemia, thus preventing pregnancy [11]. In a study conducted
on obese women in Iraq in 2023, obesity was linked to decreased fertility because it can disrupt hormonal
balance and weaken ovulation. Women with extreme obesity may experience an increase in the hormone LH
due to an increase in the hormone estrogen, which works to provide more than one egg from each ovary
repeatedly, leading to a disruption in the menstrual cycle and the failure to become pregnant. High estrogen
also works to inhibit the hormone FSH, which may prevent ovulation. In general, obesity has a negative effect
on LH and FSH levels, which means problems with pregnancy and decreased ovulation and fertility in women
who suffer from obesity [3]. In Denmark, for example, delayed pregnancy was observed, as was weak fertility
despite the natural ovulation process. Another study was conducted on 3,000 Dutch women with a body
mass index of more than 30 kg/m’ and who had regular menstrual cycles yet who had failed to become
pregnant. This was repeated in the United States, where the same conclusion was drawn, namely that obesity
has a negative impact on the results of artificial insemination or in vitro fertilization (IVF) due to the small
size of the eggs [11].

Physiology of obesity: Adults who regulate the amounts of energy (food intake) taken and energy expended
are most likely to control or manage their weight, i.e., make it stable for a period of time that may extend to
years. This regulation and balance are a result of good communication between the peripheral organs, which
include adipose tissue, the digestive system, and the pancreas, with the brain regions. From here, it is known
that a positive and sustainable energy balance leads to weight gain and obesity. This mechanism occurs
through a complex series of interactions that occur between human biology and external factors
(environmental, behavioral, economic). The most significant of these factors is the environment, whether this
is external, i.e., what surrounds people, from their lifestyle and the foods they eat, lack of physical activity,
lack of sleep, increased stress, or exposure to treatments that cause endocrine disruption; otherwise, it may
be internal, i.e., the genetic predisposition of the individual, because not all people are susceptible to weight
gain despite being exposed to the same conditions that cause obesity. The gene for obesity is expressed in the
central nervous system, and these genes have a capacity that varies from one individual to another, as there
are genes that have a large effect on the body mass index (BMI) (a small number) and others that have only a
small effect. Heterogeneous mutations that occur in the melanocortin-4 receptor gene are common causes of
obesity, especially among children. In addition, infection with various diseases can lead to an increase in
adipose tissue [10]. Melanocortin is a system consisting of neural circuits that regulate appetite in humans
and animals, and is made up of neurons linked to leptin and ghrelin, which are proteins. This gene controls
the production of leptin, a hormone produced by white fat cells that travels to the brain and works to reduce
appetite. When a mutation occurs in the gene, this can lead to a significantly reduced production of leptin,
thus causing obesity [12].

Materials and Methods:The study included two groups of women: the first group, the control group,
consisted of thirty women with weights ranging from 74 - 158 kg and were 30 - 45 years of age; the second
group included seventy women who have suffered from infertility for a period of time (3 - 23 years) and whose
weights ranged from 90 - 150 kg and the same age groups as the first group. Samples were taken in cooperation
with Al-Batoul Teaching Hospital in Mosul, where blood serum (5 ml) was collected and divided into several
portions. One such was used to determine the composition and percentage of fatty acids, as shown below.
Isolation and extraction of lipids from blood serum Extraction of Blood Lipids [17]¢<[18] and Using the thin
layer chromatography (TLC) technique to separate lipids (CE,TG,PL) [19]

Analysis and Identification of Fatty Acids [20]This study relied on the analysis and re-esterification of fatty
acids using boron trifluoride dissolved in methanol at a concentration of 16%. This method was begun by
scraping the spot of the fatty compound and placing it in a test tube, adding 2 ml of chloroform, and shaking
well. The filtration process was then carried out to remove the silica gel and concentrate the sample to a
volume of 1 ml, after which 2 ml of boron trifluoride solution was added to each sample under nitrogen. The
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solution was then transferred to a closed test tube and placed in a water bath for a period of time that varied
according to the type of fatty compound, as shown below:
* Phospholipids: 15 minutes
* Triglycerides: 45 minutes
* Cholesterol ester: 45 minutes

The tubes were then cooled and a mixture of 1 ml pentane + 0.5 ml distilled water was added for the
purpose of separating the esterified fatty acids. The separation process was carried out using a centrifuge at a
speed of 1006 g for 15 minutes, after which the upper layer of the solution, containing the esters of fatty acids
dissolved in the pentane, was separated, then placed in closed tubes for analysis using high-performance liquid
chromatography.
Results and Dissection:
Fatty acids level in the phospholipid fraction:

1. Saturated fatty acids (SFAs): This study noted a significant increase in the level of SFAs in this part
of the blood serum in infertile women who suffer from being overweight compared to normal
women. This may be due to a metabolic disorder in fat metabolism and loxidation, which leads to
an increase in this type of fatty acid. This is considered an indicator of infertility due to the risk
factors posed by these acids, because the increase in these saturated fatty acids greatly affects various
metabolic processes, including the process of oxidative phosphorylation in the mitochondria and the
association of these acids with polycystic ovary syndrome [21]. Many studies have shown that the
increase in the level of fatty acids in the blood serum in both sexes, males and females, leads to an
increased likelihood of infertility [22]

2. Unsaturated fatty acids (USFAs): The results of this study showed a significant decrease in the level
of monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) in this part of the
blood serum of infertile women compared to normal women. This may be due to the obesity factor,
which greatly affects the functions of the liver and the enzymes released from it, especially those that
work in adipose tissue, which negatively affects the metabolism and formation of MUFAs and PUFAs
from saturated fatty acids. Thus, this type of fatty acids decreases in the blood serum and affects the
occurrence of infertility [23]. Recent studies have shown that a decrease in the level of USFAs in
general leads to an increase in the risk of infertility, due to decreased ovulation, by 73% [24].

Table 1
Fatty acids in the phospholipid fraction of blood serum
PL P Value

Facy Acid Control HD

Palmatic 1.4580 + 0.26582 3.3088 + 0.15464 <0.01
Stearic 1.3070 £ 0.11016 3.2435 + 0.04604 <0.01
Sum 2.765 +0.37598 6.5523 + 0.20068 <0.01
Olic 2.5510 +0.25124 1.1362 + 0.05797 <0.01
Lenolic 3.3880 + 0.19083 1.1500 + 0.04758 <0.01
Linolenic 1.3120 £ 0.12709 0.2623 +0.11417 <0.01
Eicosapentaenoic 0.8470 + 0.06290 0.2619 + 0.40198 <0.01
Docosahexaenoic 0.7090 £ 0.07078 0.1450 £ 0.01393 <0.01
Sum 8.807 + 0.70284 2.9554 + 0.63563 <0.01

Fatty acids level in the triglyceride fraction:
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Saturated fatty acids (SFAs): The results of this study showed a significant increase in the level of
SFAs in this part of the blood serum in infertile women compared to normal women. The reason for
this may be due to the association of the level of this type of fatty acids with that of triglycerides,
which is associated with the rate of obesity and the effect on a number of enzymes, especially the
hydroxysteroid dehydrogenase enzymes found in the composition of adipose tissue, as its decrease
leads to an increase in the level of these fatty acids in the blood serum [25]. In addition, the reason
may be the effect of obesity on the occurrence of insulin resistance, which leads to a metabolic
disorder in the metabolism and metabolism of triglycerides, which greatly affects this type of fatty
acids [26].

Unsaturated fatty acids (USFAs): The results of this study showed a significant decrease in the level
of MUFAs and PUFAs in this part of the blood serum in infertile women compared to normal
women may be due to the nutritional factor that affects triglycerides and the effect of obesity on
metabolic disorders in various enzymes, especially elongation and desaturation enzymes. This
disorder leads to a lack of conversion and metabolism of saturated fatty acids into MUFAs and
PUFAs [27]. A number of studies have also shown a statistical association between the number of
eges and unsaturated fatty acids, especially olic and linolenic. The same studies have also shown a

Table 2
Fatty acids level in the triglyceride fraction of blood serum

TG
Fatty Acid Control . P Value
Palmatic 1.3920 + 0.20308 3.2708 + 0.08786 <0.01
Stearic 1.3060 + 0.22456 3.2465 £ 0.05083 <0.01
Sum 2.6980 + 0.42764 6.5173 £ 0.13869 <0.01
Olic 2.4370 £ 0.10552 1.1612 + 0.05218 <0.01
Lenolic 3.3180 £ 0.19234 1.1492 + 0.03084 <0.01
Linolenic 1.3030 £ 0.05056 0.2888 £ 0.14115 <0.01
Eicosapentaenoic 0.8270 £ 0.08381 0.1881 £ 0.04613 <0.01
Docosahexaenoic 0.7380 £ 0.05959 0.14112 +0.01751 <0.01
Sum 8.6230 + 0.49182 2.92842 +0.28781 <0.01

positive association between the number of embryos and the level of olic acid [28].

Fatty acid levels in the cholesterol ester fraction

Saturated fatty acids (SFAs): The results of this study showed a significant increase in the level of
SFAs in this part of the blood serum when comparing infertile women with normal women. This
may be due to the high levels of cholesterol in infertile women, which is essential to the formation
of cholesterol ester by binding with fatty acids to be transported to different parts of the body. Thus,
the level of SFAs associated with this part of the blood serum increases, which is considered a risk
factor for infertility in addition to the possibility of early miscarriage due to high cholesterol and the
associated SFAs [29]. Studies have shown a negative relationship between high levels of saturated
fatty acids and cholesterol and women's fertility due to the effect on a number of hormones related
to the fertilization process [30].

Unsaturated fatty acids (USFAs): The results of this study showed a significant decrease in the levels
of MUFAs and PUFAs in this part of the blood serum in infertile women compared to normal
women may be due to several factors, the most important of which is obesity, which greatly affects
the formation and metabolism of this type of fatty acids by affecting various enzymes, especially those
responsible for removing saturation A5 and A7, which affect the formation of short-chain USFAs
containing 6-12 carbon atoms [31]. A number of studies have found that these short-chain fatty acids
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are positively associated with reproductive health and fertility in women through their role in many
physiological processes, including immune regulation, and that a deficiency in the levels of these
acids is positively associated with the occurrence of complications associated with infertility [30].

Table 3
Fatty acid levels in the cholesterol ester fraction
CE

Fatty Acid P Value

i Control HD
Palmatic 1.4540 £ 0.22377 3.2650 £ 0.11632 <0.01
Stearic 1.3670 £ 0.17544 3.2465 + 0.04019 <0.01
Sum 2.8210 £ 0.39921 6.5115+ 0.15651 <0.01
Olic 2.5190 + 0.20872 1.1515 + 0.04037 <0.01
Lenolic 3.3430 + 0.21577 1.1927 + 0.21419 <0.01
Linolenic 1.3260 + 0.11128 0.2819 £ 0.12557 <0.01
Eicosapentaenoic 0.8640 + 0.05873 0.1969 + 0.03761 <0.01
Docosahexaenoic 0.7220 £ 0.10326 0.1381+ 0.01744 <0.01
Sum 8.7740 + 0.69776 2.9611 +0.43518 <0.01
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